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Abstract 



The invention is a process for the nonaqueous polymerization of tetrafluoroethylene with functional 
fluorinated comonomers. The process uses low TFE to comonomer ratios to form copolymers with high 
molecular weight and low melt flow. The copolymers are useful as membranes in electrolytic cells or fuel 
cells. 
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cs7) mm 

WtZbQ-C&Z. ^fMFffitt. TF E £5SCF, = C 
FOCCF.CFfCFaO^CF.CF.SO.F (n = 

o ttca i) ®*m£mt»i(D. 2.1: 1 s. 
6:1© tf e *wa^#attik-c©^**s^ig 




HB«BH rh7-v;U^-cix^U> ( "TF E" ) 
££*© n W 0£/cB l-Ctbhlt. CF,=CFO(C 
F,CF{CF J }0).CF l CF,SO,F £Wf£*S£ 

^f-ay^tt^icfi-c©. 0-70 sa--< 
ie©ra>sapi©^{cSL/fciascctew^, tfe i« 

280 - 1100 kPa ©ffiffl© TFE 
EE-emf *. 2.1 : l t^b 5.6: 1 © TFE *f* 

[f«952] 3.6 : l teiii, s.6: l © TFE 
S^»a»tfci 270'C «C*JOt 30 q/lJO #*jfc©*§S& 
8SS!)tti£Wf* TFE 4S:CF, = CFOCF,CF 
(CFOOCF.CF.SO.F *WT*&fi£iMW<!: 
©«S£(*. 

[St49B3] 3.0: l t£\i*l/ 4.6: l © TFE jffft 

s^mattiti 27o-c Kteo-c 30 fl/M #*«©*§» 

iSK)tt±£:£TS TFE i5i;CF 1 = CFOCF 1 CF 
,SO,F *WlT ©&S£f*. 20 

[000 1] 

S£a£<*CtB8-fSfc©-C&S. JrOISEWfcB. 
§8B?h77J^nx?U> ( "TFE" ) £8*©W 
®&<m? ?*<bft££4Utt*C F, = C F OC F , C F 
(CF,)OCF,CF,SO,F CMMMHWrttaT 
" (A) " teJ:Of/SfcB CF, = CFOCF 

.CF.SO.F <*frWBMW>-CBeiT " (B) " W 30 
A) £©. *l»»?a. <gC» TFE Sfcfcfi^Hatt 

*tt»tt*S££7cBigf«gS£K:MfS <£>©■?*£. 
c©a©fi£#B. *Darn.*i;®6©J:9<c«»» 
wa»**cflBW«»tc*»s? •* *&SfcttR& 

[0002] 

[&?8©?fa] SSl#«Sjfi*fcBjl»ft«}fttcffifflf a 
fc»«:-f*^!awtiaM-*c4HE4yji-e*s. t© 40 
* y&&mt ®&mzffi®m& l . a8?a*n 

C00033 -r*>3awi«. -/soaanaii/t** 

[0004] *;l/iJORS££WTSv;l,:j-uS£f$o 
*^i*»»JWC#t/-C. *fc7**!/a»»»*© 50 
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4aa^H©3c5£&fl3&*nJt6K: 
[0005] ^W>I»D7 ^MM^f.!!! 
1/fcJSB. Cft£*B?*»©«lW»**lc&9»-* 

WISH. fc£iltfaajMMtt<e*b>TB. KtCtttS 
«flft^Katt©B:b£roa©*&iCj&(;'CA& 
fctittf. abSaotirftKteo-CBSffi (Igffifci 

uwffi) ■BffiEtc*>a»3»n-ca*>n > 2 a©msra«: 
a*»*ifcatwr*. coaoaHKDaacctn^rtt. 

JBB£*>h<J>&>MiS:SH4©7 ^ ;UAior«tS-T5. 
C©a©afitt©K7^;l/AB. -j»K»ta^StlT* 

<oaata*s*ri,»«. -HsnKaasnsaittm 

«CB. «ofcffltf:fe£oq;«»JK#»OWBa©JBtt© 

a<rotw*«a**i*#. 30*stiti.»*»a«c^ c 

&B*itf&*>&i>. ctiKST5«^«:B. c©aaa 
«*4vc*©*att«te9. 

[0006 ] *>147;l'^aa^©Bjae ! 3TO±tt 

b. *©7 na^twaw-r fcB8a©a 

KADWIK£&3h*. fct^BjaiWKajffl-fSXA 
* >® 7 )\> * a aftttBfrtt 0 ©a©** fctti§&£8& 

jR-r*©-c. y*a{ca-9r*affl©x;b*>M7A* 

fc&sns. «©aafl^y$B*©aa»«H4£ai5e 
9**«r*a»*£tt«rr a. 

[0007] ^;l/*>K7;U5M3fi^-(*©ai t/T©W 

attoSHeKBas'saoaat*. *HL*t\k&mK. 

jBastifc^anr^yait^oaB. a^fisste 

aoftatcswta-ri. c©a©*fFTT?©^ffl©7c 
«bKawLfc***>«7A*a*awswirB. ^a 
sa<t*»RiRai©^©^a*si-7sa^*©a» 

DS^**©ttfeS ia*te0©3MD©attKJ:»)* 
«tc2£* 3 ft* a**®*K( ttt ^ * >SFIt^ i ©ra 
©^t^L^Smibro-S. *ffi{b«!^*>©Kajfi 

**wt*s©*«*u»c*i6C!)aaTrtt. a»e 

att*«3»c{tr5J:9K:BH-ShW«J:»)IHr»aaa« 

*-3t7W nfi^{*©«BISjfta6ttB , c©#S©ffl^ 
JBOV 0a^»©3m?tC4sB S«-08B£EJT-r B 

[0 00 8] ~tt(C. ^t>^Sfi5:M3tiSti^ 

fc«7»a{ta^#o»wi4fiTS***«. cn*^ 
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r, mmmy&ftztetom&btewbn^j t>mm^ tfe/ (b) tt*ffli,»ra6issn*) «c*^r 



* jua4 ltwb-c*s. ft 800 (D^mm m<o i 2 m&±<Dmtc®m?im&tc\t* & 

BAT**, ft 750 «Trtt*S#»»tttt 500 filT C 4 U*. 

■Ctt«ct^»Jtl*wr*^iU*>K7;l/*n»^(ttt 10 [0015] #»Htt, *;l/*>®S©-f *>£&S£ 
tt. TFE WW>lfflB«»t41^r(- 

^i/*a*U7-f ^ios^fciOUffi-rscisWr* [00 16] mit, 7* » 

S. TFE 4^JU*>BrttB«*^*rsii^O^ »t*U7-f >4^;l/*>BBS© < BtfiS*WT57 5rJR 

A*fcttRtLr*ffltt*^»*4«fr**«^tt. 3 w^©^q?«rco^s^cccfc offense i^mc^s 

aura. mm&. tms, 20 [0 0 1 7 3 

vtitMtmmm&tf'Sz n * , c«wo«g] ahib. tfe 45s;*© n #ot 

[00 11] jtfTStBtt TFE i*S^#Mft (A) fctt l F , = C FO (C F , C F {C F 3 }O) 0 

4©S£&C#£LTl>£ 0 tctZ.\XTF E 4*S£# CF 3 CF 3 SO,F ©*S£i*Sft t ©2Mc#tt*S£ 

£<* (A) i©*a-&»6>6»J«Sttfc, -SO,H B a£fc«S&&S£a-C&£. C©£06tt#7n* f >tt 

tttcfeur 1000 (PSffMtt^, 30 #n ®m<p-e % 0-70 ss^~fe> h©i§$£aJ?§tt§B*& 

imy&mx #&2uaTJ\>*vn£i&m%a&<tim t\ a?£u<&*ft 35-c eo-c r^fr*. c© 
ftattt^rtiftss-c**. 280 - noo kP a ©®e© tfe eetjbl 

[0 0 1 2 3 5fetfSJB«. TFE 4&fi£3tS* 0. 3.6 : 1 ftl>L 5.6: TFE »*a^*«t 
(B) t©7^aHa»^(t*IBB-r*A:86oa{fc«^«: 30 tt4WrS*S^»4SJS"r^OCC+»«*S^#Sft 

fcfRbtic^o — o<MB0W*, ft 3.6: 1 ©it© T CJBl>?tt 800 -1000 ©3Slfi£*tf *m£#£i§ 

FE 4&££J|*Stt (B) t©^a^MrlK%Ort» 6. «S»*ffifflUftl>«6CC«, &£&mm»<D TF 

S. t©»£f*«, rfrJR© TFE*g£{*©fc©4it E fcSfrSJttt 2.1 St l fci*L 4.6 St 1T*9, 

«LrflB*rK^ 95 K©*#»jR«*WU n = l ©i§£tc«ft 650 - 900 ©> n = 0 ©*§<£ 

a. Wtt«&t©fcor^s. c©i©»i9K±tt» tcttft 484 - 734 ogMW»6hs. tfcttm 

Jt»r*S. 2.86 St 1©TFE/(B) *>6*BBt,fc Tftfe*. C^tt*«9(E*fettWLa:tr*«^W:, * 

%mmm 564 ©^uaw:, 30 ammott m£&®m&xmteb&mucmf??>ct&v%z>. 

©%fc 646 k©*»rj|»*Wu *£H4 lt@#>t »6tias^*«*MCc« 27o B ctc*jor 30 g/10 » 

*• 40 [ 0 0 1 8 3 raafl^SfcWmWlk 

[00133 tfe i^m^s* (b) t<o®m ic*»&7 a ji&zittmt b-comici&tim&n 

(B) ikfcfc^rB. {tL<Dm€&KJ:*)®3kL $mtK*m?z. 

fc*a^ft^»rafC»*»RJ|JtS*7Rbrc>&. [0 0 1 9 3 «W©ftli&Kft#»Wtt. TFE <b^C 

[0 0 14] KAfi, 3IH*iltt*jJ:W>flr»*y»9^ *© n ^ 0 lT^SCF^CFOCCF, 

©ct5ttS»«C^SWttH€r^5«Ctt, ««WUt CF{CF 3 }0) n CF,CF l SO z F (DSS^#S<$i 



[ 0 0 0 9 ] ft 800 «T©aota*#f*x^*> 



©JStCKUnttC^jriio TFE/ (A) *fctt T 
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#fBtcSLfcsa-c\ mv<im 35*c k^l arc 

1 0 0 2 0 ] ?gjSS^^6^3tlfc^m^f*«iSC^ 

fegft^^i/ti,^. cc^m^fto^sas^ t* 

T F E : m&%M#<D*)l>ik 

2.1 
3.6 
4.6 
5.6 

(002 1 1 a^KPgKteWS 2 8©ma<*# TF E 

■%<DWL£RfoK.is\.>X\tm£ffl§tp<D TF E *f±!-a£ 
ma(*©i:biO^L/fcS^»+© TFE tt*&1s<£m 

immmbtcWr&ic, .^m^aaa (-fl${c««t 

[002 2] a£4>fc:?§&£<£ffif 3 CftBH 
aWK#f-oy>tt©fc©rfctthtf&6&<,>. cti 
«. »i^Loo&*a^£+#J^USSM* 

staiA^Wtt-r, ^#£**£/£4&©sia£a*f?r 

[0023] ^ay>rStt«. jSSfc?8&©j8ftfc:tei,> 
TEL<#ltLft»tt«&6&l>-o©B^-c*S. 4> 30 
*5*A,. A^li&tt. SR. is£lW& (*?£U<« 3 
5 -loo-C) bZ&btMtMKiirj:^. g?©JSJ6fl| 

■Ctt, *no7;u*o#-#;x#W#ra*£;t;l6ft 

isa-cfc* t©«:is^ori,>€.ta3fyi^ i*^HT-4 

131. ®tC. £!,>*>©?&< . ^-3^^Jl^$fc«^ 

jg^a^-c^^ia^KtJssuf-oy^-ctt^^. nit 
^vkztmmix^zx'v.ca "iass&ir **t»n 

a^$>. *fc«cn6©ig^B5^*n»s. 
[0024] a^snss^BHSSWK^ay^tt 
©4>©r%wn«*e.-r. j?s i/ < 9 guts so 



*m*. tfe ^*a^a»©*^tfc<!:raii© 2 a© 

^;l/*>KttS^**6^fi)5$nfcS^©^«Sfi<t 
©-$tt&IWft£i2&-f*<>©-C4>S : 



TFE : y 
6S0 
800 
900 
1000 
tlTl^fc© 



B 



TFE 
490 
640 
740 
840 

stum? yjRftsnri>4«>©-c* 
s. c©pg^j« t 2^grt©siSjg^g»ccDi®-ctt 

tfhl*«t6ftl». TFE ©«g?S*fi^«:Sl/fc-)»fi<J 
ftHteSWi. jaK^-r^M-n^atr*^ (CF, 
CF,COO-),0 CCfi^HNtfWBSfc. * 

«. *?cttcne»©ffl^t)tt-e*-5-cfc<fci,>. 

[0025] ^©fciftga^KfcttSiPHiK:, KB 

tfttfcfci*. *«=^KMr-5SlEiaS«^ 35'C <H> 
L 60*C. JfiF*t/<«ift 45*C ®SEE#ttS® 
&fc©-Ctt&<. -JttKB TFE *t£2£#S#©it 

[0026 ] fi^S*T©*S^mg(*iSgB TF 

e m.tmh) m&tz. jsiesi^*?© tfe 

*t«a^*S<*©it«. 4fiJLfcS^{**rgra© T 

f E*t*a^s<*tb^e»ti* j^csiRLttwhi* 

&£>fct,>. 365c. Sjegrt©*S^#Sft©i8SteJ: 

v tfe ©iss (e^j) «^-rsfi^{*©a«ss 

S&ffiWfc&ST*. 2 S©J|tS#©iSl>i£K#M»K: 

B4(S-rss^{*©saaa©iWD (T&fc*s. mm<o 
imm&vwp) owmtuhifi. 2 a©#a*©is 

[0027] &a£#a(* (A) *ffl^5fi^KB8Ur 

a. &a£*a# (a) ©jgg«»*u<BS(&s«:« 

*&-f * (A) 77*&mtD£m&<D 30 - 100 %?& 

3. ^a^matt <b) ^ffi^sa^cwo-cB. &a 

£*fi(* ( B) ©jfiS«»* b < BSf6g«c«*&T5 
(B) ■7"5;*;i§8t©±aa© 40 - ioo%-c*S. JS 
jss«c^-rs«a^»a(*7-7 *£#©£aa*©& 

ffi^«a«:©igS«:a^-r.51W«:«, g8*&SiJi4fc«c 
SJt«tc«^-r5?gJS©a»:*mo. 0 b%fLh. 30 

9fi«t»)fi^ (a) ©igSBSso<i&i,>Bt*fiir>saa 
sosmumz. is^ttm®. wc 100 % (-$• 
ttb^ts^a^) ©*a^ma#«iifi,>5i&3$s©JSH 



* 
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FE <Digg«, SfScom^t:*© TFE *f&S£|i 
K99W4. TFE <%gg (EA) 3W«Sjf*ttft« 

tfe »«B^flaw*itfcfiaaf4t?**5L % m$ 
*q»af*sc6tf tfe »ftm^*s(*itfea?iii^€> 
i&mmictsBmtitQns. tfe eb*» 10 

$ b < tt 280 - 1100 kPa, b < » 400 - 8 

00 kPa t*^ e 

[0028] a#gwu*FCL< ttgftggrao, * 

*£fc«BT*tira> TFE tD*a«^ffl(D§S^ffiffl 

(omm/Manmm, 
[003 0] y )\s*vz)\,t*~to&&ft<DZ)i7i<iyMy 

)i*vm'&ft^(Dmtmit so &t>o 60 &>h 30 

CD. 1#CC 80 fct»L 90 te> hOl^t^U^*® 

S«:Aoa«!lR:fiC»Jt%±3&«0WFBIfc, — STftC^S 

>H*. aa*«»"rSfc«)«c>f*L<» < 15 
[003 1 ] *#|g^&£», i&fj© TFE 477 
TFE. ®«*Jj:afftS^#aft4S»B3S-if4Ci 
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J^^olnxto<ohoy)ituxji^)i(o-(*>B 

Or NaT JBttr**. Na> fctfHD***:/ <fc£*.« 
H* *fctt K') tt. *n3&i*BlWr*4«c6« % Na 

[0 03 2] ftS^#CD«S%ai5E^Sfcft^K«iSS6 
SMMtfTrS. *ft^JfflS*r, $A:#Wit^cO|5H 

>X r (Custom Scientific Instruments of 

Whippany. New Jersey, U.S.A.) S?CD>il/ h ^ >7*^ 

10 ftmicwbmztizw&wvnmzMmb 

b<DV3bZ> : tf^h>itS 0.373 t7h>fi 
If 1200 9 7 A \*Vy 4*%. 0.315 
>J7^XK8 0.0825 ffiUgftttSA:. 

©iOtt*****tt a* * c t tr < ntf r 

[0 03 3] *^^B*#Sj8BHMltt*^S&6 

maize, «watt*fiT3*r^i*';=fv-- «s 

C» TFE ^^tiHftWHKKWStti. 
[0 0 34] #»WEttOX;W*>»7;l/*P9^» 

-e©»^a*«5fetftt«0^^*>K7;i/*pa^{t 

[0035] ^;i/^>K^;u^ps^tt:(D^F-a43J:c; 
^a^ffi^, zj\>*>myfrtnS£ft&A&tc\m 

P9^»t^HMfcL. 9««ttAl3«S^il6ti«. 

jto<B(r»^aaa©^iu*>»7;i/*pa^»»iitts 
yt, 4^ft^aatBar4r**ia»««©fe*k:. # 

atebr^^*>K7;l/*pa-&»oiKHSr2*-ttS4 

[0036] *m.f&mt. 8fntmss£SB&iimb 
h9cft8ffi<D&m&ft<Dtt%&£ m >*#®<Ka t 

»BLSt»-raci^r*a. #»9!iai8©7^*pa 



« 



# 



(6) 



-322034 



10 



t>yfrtun&#v ^At^s*- hs-ssci-^T- 

[003 7] 

[IWj] SIT?. i y » h)\,<D*?->VXZ3—)i>m 
©*- h * U-T'K 600 q ©&££|iS# A 4 1 ml 

AT 5. (F-113 HFP 

wtfe ?/<-yo. sm«c TFE rMEf*, 

O^r. CCt-hi'l'-^ 45*C (cjjns&u TFE 



- -i 0033] ®mt*m<Dmm& t ^s&casxaT - 

OflC -CJt£?3SSL;fc©*>fc:. ftftfttmu jBHtft 

[0 03 9] m A tt, §*©jfflK© TFE 
#S{* A <b*6liJiL/fcfi^(*©^SSa<i:igB)K£ltli 

io [0040] f -ii3 Lftiziitm&tt 1,1.2- f :7;^ 
[004 1 ] 



a 





TFE 
(kPa) 




1 ***** 


EW 


MF 
(270°C) 


1 


585 


11)0 




670 




2 


620 


100 




695 




3 


690 


100 




740 


19 


4 


655 


100 




770 




5 


895 


100 




880 


6 


6 


825 


88 


F-113 


870 


7 


7 


820 


76 


F-113 


870 


7 


8 


690 


70 


F-113 


890 


7.6 


9 


345 


30 


F-113 


850 


30 


10 


380 


30 


F-113 


900 


18 


11 


390 


30 


F-113 


990 


1.5 


12 


58 


30 


F-113 


1030 


0.9 


13 


60 


30 


F-113 


1010 


0.9 


14 


60 


30 


HFP 


850 


36 


15 


65 


30 


HFP - S# 


920 


6 


16 


7U 


30 


HFP 


32H 


4.5 


17 


80 


30 


HFP Z&fc 


1088 


0.1 



*3£iB©£&S<t#ia*j £VB®&mT<Dt fc *) INfe*. 
[0042] % f h57Waxf l/> ( "TF 
E" ) £i$#© n ifi 0 ttcit l "CiSSC CF, = C 
FOCCF.CF^FaO.CF.CF.SO.F 

s*fi^*a(*i©. #?ay>mm*x-<D> o - 7 
oit^- ^YommfsimmmtmtomLTic^ 40 

tfS. ilECgg^O^Mtcab/cSSKteW*. TF 
Ek&m£mA#±*® 280 - 1100 kP a ©«iH© 
TFE E-C&SLTS. 2.1:1 &t>L 5.6:1© TFE 

[ 0 0 4 3 ] 2. ±SE©*g^#fi(*)!U n=lt* 

* c £ *®®£ «i ie«©>6tt. 

3. ^©aa^— tz> k# o rftsci^^i-r 

s i iats©#&. 

[ 0 0 4 4 ] 4. ±ge©*a^tt* 270*C tc*s(,>r 3 so 



0 q/io »*?S©jgl)ia!afti4%WTSC i^^SiiTS 

1 tets©m 

[ 0 0 4 5 ] 5. ±IB©*a^f**' 270*C KfcO-C 2 

o qao ^*?i©jgsasafttt=&wrsci=&«F®iTs 
4 tai8©^ffi. 

[004 6] 6. ±13© TFE Eifi 400 - 800 kP 
a-C^^Ci^^aif-S lg2»J©m> 
7. ±ga©P§»6SiIAi^^+ Wb^r* 5Ci*^ 
«4« lK*8©m 

a ±ia©^fJS5*5 i,i,24^Wnh';?nnxj! 
>* fctt^*- 7 jv^- d y jt i> p >-c& & c <fc 
3 isa*s©m 

[0047]9. 3.6: 1 5.6: l © TFE iff 

*a^#Sfi:l:bi 270*C «Cfcl,>T30 flAO #*$©& 
ffiiSKlttiiWTS TFE tsSC F, =C FOC F,C 
FCCF^OCF.CF.SO.F *Wf**3i^" 



11 

tomato. 

[004 8]' id.' ~&&<Dimffi^ifi iivc ccfco 

X 20 q/10 ft&mrr&ZCtZimtTh 9 fB^fiD* 

[0 04 9] XL 3.o:i&Ul/ 4.6:i<D TFE 
JWl^Wtti 270'c tctec»r3o p/io 
«!!i6iai4i*#r5 TFE £3JC F, =C FOCF, 
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CF, SO, F *#r*_£fi;&$«*£©£g£#. 

[0050] 12. ±ie©iisi&i6tt^ 27o-c k*ji<» 

T 20 g/10#*itr&£C IT* llfB^© 

[ 0 0 5 1 ] 13. i faiS©#i£tt J: ^ sas Ucm.0; 



